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ABSTRACT 

PROBLEM TO BE SOLVED: To measure the optical characteristics of a 
projection optical system by correcting an error due to the running 
characteristics of a substrate stage and an error due to the flatness 
characteristics of a wafer holder. 

SOLUTION: The data on the amount of floating and sinking caused by the 
running characteristics of a substrate stage 22 and the flatness of a 
substrate holder 24 are measured in advance and are stored in a storage 23 
in a projection aligner. When the optical characteristics of a projection 
optical system PL are measured, the position of the substrate stage in Z 
direction is corrected so that the substrate stage does not float or sink 
due to the running characteristics of the substrate stage. 

7 



(19)0:2^g4^fip;? (JP) (12) ^ IS 4^ 1^ ^ (A) 



!NF5i^l0-261567 

(43)^HIB ¥J^10^ (1998) 9 ^295 



(51) Intel." 
HO 1 L 
GO 3F 



21/027 
7/20 



5 2 1 



F I 

H 0 1 L 21/30 

G 0 3 F 7/20 

H 0 1 L 21/30 



5 1 6Z 
5 2 1 
5 1 6C 



m^m^ f9^Jl(OSc4 OL (:^ 7 M) 



(2i)aiK#^ 






000004112 
















spj^ 9 ^(1997) 3^180 




m]K^=Ff^BgK^tD(^ 3 Ta 2 # 3 ^ 










it— ^ 










jfci^^f^ffiK^(^i^ 3 re 2 # 3 # 


















a2mmm 












:^^Tf^B9K^® 3 T@ 2 # 3 




















^ad: (ni^fe) 





(57) 

- © ^ 1^ ^ a U T ^ IS X 7^ - ® y$ § t^: ^ 

So 



- 1 - 



10-261567 



Hu IB^ISx - ©^1; tc^ S -r ^ fuia^ts 7" — c 
^ m b fciuiBs^s;^ 7^ - ® {u® h ^ hjtt i3tt r 

HU f H^^g ^ 7" - © ^ i& ^ S S M IB g>K >^ ^ " C 
l5]^(D^U^^'iEi.Xmmnit'^ffo:^y'^i^y'>i^^A^ 

-xD^^mmm^izuitLx. mmmit^moytm 
^^^m^t^m^:^m^ii^^x. 

mi-^mtdi^my6^^(D^m:^mo:>i^Lm^m^miE\^x 

[0 0 0 1] 
[0 0 0 2] 

-y^nw^it^^'^iy\.xy7^vu^:^7. v^omitmi^ 
m^tixu^ho nmm^^ntvxit. xY:^mc2^ 



>^^-itx^;^^(D^^^->m^mitmw.±(D^i^B^y 
mM<Dmmm^^mifi^m^nxu^o ^tz. m^Mm 

[0 0 0 3] zn^o:>^muitmm.(D^mit^^(Dit^ 

^^(Dmm■^-^^nl'X^(D'v-^t^i^^'Xvv 
:t—t!A^mxmit^titztM(DmitMW.(Dz:f5\Pi^u 

[0 0 0 4] iic^T-. s^g^7^->^±t::^e^nri.^ 

\)i^$)^t. mm:^mxm^^titzi9imyt^m(Dz:^\^ 

[0 0 0 5] ^ iz^mt^m^m^ 

mi^mti^^z'^-:>xwtmmz^m^^j^t<Dtt^^. \^tz 
fcj?>s mt^\^fz:^m\zx^nw^it^w^(D9t'^m\^mm 

® U T I. > -5 7^ ~ ^ ^ffi; b T CD if fffi - ^ ^ 

-So 

[0 0 0 6] ^6ii. Sts;^^->'^^i!?bTfpfaB^- 
^^m^r^:^m^mmr^mx^^. mmm^:^^^ 

s i?fffi X- - ^ M 1 - M 5 A^^ist b r ^ ti s o 
nm^~'^Mi--M 5 (DmM(Dmmi)^mnxi^^t. m 
mco^o^. ^^it^m(oz:^^(Dmmimtm%^wim 

[0 0 0 7] bfc^bSoT. imm'^:^^\znm^tix\-^ 

>Kt>:J:oTlf@-r^^!5aibTHB^t" -So ^®P^. 



10-261567 



2, MS. M4#©{i^) -e^Mfi^T-S^^tCj: 
[0 0 0 8] 

j^^A^T* L ^ ^ o 
[0 0 0 9] S^g^7^-i^C@^^afc^ll^h©F^(Z) 

i^cD2^7n{iL®. 3-^>>y. If^^/^V^?'. D-i;>y 
^if^^ ^ t# e C ttJ5fe o o 

[0 0 10] i^mm. ^(D^otm^^m<onm^\:. 

T- ^ -5 ^ 7^ - ® ^ D 4^14 fc J: S r> 

[0 0 11] ^tz. njiestsxT^-s^tD^f) 

[0 0 12] 



[0 0 13] -r^fci-fe. -^7.^ (M, MO) 

tijf5^^nfcy^^->^^^^is (w) ±tcfe^^si^ 

^^^1^ (PL) i:. ^tS (W) ^^^^UT2i5c:^6^JC 
^i!jrss*fe;^7^-i^ (2 1, 2 2) 

(21, 22) ^^ffif -SSe^m^lS (27) 

i:^^ixfc^^^:^^^^C^5V^T. (2 
1, 2 2) 0:>^m\Z.W^'t^W^77~~-'J i2\, 2 
2) (PL) 0^|fi^faj®^^g=^ 

^^ait-^^^SSl^m^^ (1,2,3,4,5,6, 
7,8,9, 10, 11, 12, 13,14) 
g^m^^^^fctii^^i:^ {iig^^m^^ (2 7) ^^tti 
(2 1, 2 2) ©{iigii^^ii&^-^T 
latt-r^BBIt^^ (2 3) 

[0 0 14] MtB^{lig*^m^ma. (2 

1,2 2) \z^^-^t\j-z.mm. (w) ic^^mi^t-^.^.i^ 

M (1, 2, 3, 4, 5) i:. (W) XU.m\.fz.% 
^^it-t^^it^ (6,7,8,9,10,11,1 

[0 0 15] ^fc, ^^^(i. (W) ^^^U^ 2 

^7t¥ffil^^^lJRrtg^g*S;5^7^-i^ (2 1, 2 2) ^ 
^J^UT. (PL) {Ccfct)v;^^ (MO) © 

/^^-y (Kl-KS) (om^&^ (W) tC^^UT^ 
^^^^m (PL) cD^^it^t^^ill^f 

V^T. ^*gX7^->^ (2 1 , 2 2) CD^ifftC^Sf 

(2 1, 2 2) d^-r-^JS^iite^^M (PL) 

M-^l^^X. m^Xy'-V (2 1, 2 2) 0^il;^fR)®e 

m^^miEvxmyt^^d^^'yyt^^A.X'i.^hztt: 
[0 0 16] ^tz. ^^0^t*. (w) 

|g;^x-i^(2 1, 2 2) ^2^7c¥®l^r-^i&^-ii''5: 

f^h. n^it^m (PL) (MO) 
-> (K1-K5) co^^^ts (W) tcm^ur. fe^ 
(PL) (D^^4ti**^^r^i!l^:^?£C:fe*v^ 

T. ^mx^-^:^ (2 1, 2 2) 0Di^i(jtCjg@1-;5S^£ 
(2 1, 2 2) tcll-rsa^^t^^ (PL) ® 
^ia^[pJ0{5S^f&^^IELTv^^'-> (K1-K5) 

[0 0 17] ^tg;<7^->?0^ t) 

n,T^^^^^S(?)i2m^StCiBtt^ thX S^tgXT^ 



- 3 - 



10-261567 



[0 0 18] 

mit^ (i^s KrF, Ar Fai::^v^U'-if) fS. 

[001 9j m^x^-i^it. nmi6^mPL(Di6mt 

M (z-DRV) I e\zx■^rz::^y^~i?mmm^- 
2 7tcJ:oT^i&^2 6 toDmo^M^mmT^ z 
^*$tf-2 7 otHitiF Sit ^mmmm I s^m^^nxi.^ 
[0 0 2 0] AFM2 5ii. ^ytmrnv^^izm^^ntd 

hx4mit\^(Dmm^ i Ltix u i -^mmt^o 

% U \^\(J^7. h^iio^c.^0^^^U'>Xl^2. 

^i^V>X7. ^i&^^-8. ^Xf-^^\i 
¥MtSl O^^/rUT^^mxU^;/ h^Sl l±tCMi^^^ 

[0 0 2 1] ^i)^^-8(i^^M;<u^> hisi i±tc 
u ^> hts 1 1 ±cd;^ u h )imitmmit^hoBM7. v 

zTi^tl^^^-^mm (M-DRV) 9CJ;t)^i!;^tl 



[0 0 2 2] mm^^-^xKm^ntzy. u h^^^ 
mi i(D7.')yv^mmt^ztx^m^m^ritzi^M 

>?)S-fe>if 1 ZX^it^tl^o -tr>it 1 2i>^^CDm^itm 
m^^mm (PSD) 1 4iZXt}T^c C60PSD 1 4 

xtj^ti. zcD^m.m^<DiiLii^^mmti.xmm^^iy^ 
cmtf^nso ^i^m;^fi^Fsus:*7->^fi^hii?t^ 

x\.^^t^izitiEu^jv. my6&mwt^r:&iz^itL{.x 

i^5h^tciiM0U^;i/f:::feSo ^y htsi l 

tLXtklh^n^o Z0AFm2 bCO^m^Z-^^^Xit. 

mz.imm^5- 19042 s^^&^ciem^nri.^ 

[0 0 2 3] ^mm^n 1 5 izmm^m2 3 i^mm^ 
nr^D*}. ^^il®^gi 5iiw^®*gi ocDftit^iS: 

^f-s^t^. p SD 1 4^'^ai:^^nsAFai:'j{i-^F 
siz£^\.^xzy.^-i/mm^^-^ 1 8^ b'^Y r-r 

5Z;^7^->^^M (Z-DRV) 16-N©fi^f§^D 

s^m^f-r^Mtfe. xY>^y'~iy2 2^mmir:bmm^ 

mmitLm^m^T^mm^mxx\.^ho 

[0 0 2 4] mz. :^mmizj:^i^mmytmm(Dmmiz 
-owxmmr^o Ei2ii. ^my.y^-i^(DMr)m^^m 
^mzir.i.tcmmmx^^o m2{t. m^y.y'-iy^Y 
y5{^izmmmm^^tzt^m^7r.Lx\.^^ii^. ^^t.^^- 

WrW}mm(DmwmMm \z^^^^Ay'-i^\zz:^\ai^ 

^*)mK:^^< Z:f5^M&.t^m^^}\^^2 4CD75^y 
h^xC^-:5< Z;^rRl^^^^^^U;t Z;^f^^&>?)S^ 

AFI^2 5^fflV>T. &W.:^y'-i>(D^^n^JSLU&W. 

So ^(Ofc^^z. ^t&7fwi/^2 4tc¥®JSco#1^cm^.^ 
XY;^5^-s^igMi 7^Ccfct)^^s>^7^- 
i^^xY;^^p]^cji^e^)^c^lI^-y-^fcA5^^ AFI^2 5^& 

m^^xm^(DmM<Dn'^tk.^^m^^^o AFm2 5tc 
^#11-2 liz^^xm^^tifz^^y.y'-i^cDXYiM.m 



- 4 - 



10-261567 



[0 0 2 6] S^S^©OT3^)^^^C¥ST•^^l^ 

s z-tx^mcD^mmizmm't^mM^M ^ mi^^x ^ x 

[0027lg|3i±. :zdhXAFm2 blZ^-DXM^ 

So msit. Y:^\^izmm7,y''-i^^^m\^^<i^t^^Mm 

a^vZ}^BoL^^m:^Ly'tm'^Ojm ccfeSo U^z)^oi:x 

xb^^^z-ht^x^^o covxm^^ntz^-^R 
xfmmizx^n^^tifzv'-^it. ^ts;?^^-i^£DXY 
mmm<Dmmt Lxmmmi6mu(Dtm^m2 3 t::HHft 

mm-^7.^uo^miizTr.Lrznmmitmnic^m\^. 

m-". S (n-l) , S (n) , S (n+1) , -icff- 

m^7.^Mo±<D^mm'^-^K i-k 5 

f^mUTS^TSo 

[0 0 2 9] v3^;/ h^^S (n) -^mM'^-'^K 1- 
K 5^^^TSJ®^^«?fJtCh-pTH^^^Si:. fT. t^ 
i!jfflT7.^MO0^iffiv-^?K5t^. ::r^>r > h' 2 Ot;: 
cfcoT^t)mUX^®$ ^va^^ b^i^S (n) 
Cy'-^M5 (n) hUT^^-rSo ifet. fFfffiV-^ 
K l^^^l-Sh^Klti. i^r^^SlSti. ^^^-fV 
KiEMl 9CJ:0:rv'r>h'2 0(DB^^mmLXm 

Y>^7^-i/*^ib^l 7tcm^UTXYX7^-v?2 2^^ 
S&rS^iiCctO. Ifaiffix'Xi^MOcD^^:^^ 1 v3^3^ 
hg^U;^c?5:e.*^^-^S@Ml (n) Cgi^^nSfF 



Px'-i^^K 1 ^V-^M5 (n) tC3a^b;^c^uSJr-^- 
^Ml' (n) i:b-r^^-rSo fsI^C. ffeO^fffi"^- 
^K2-K4JC||LT^. 1 V3 h^^-rSiix'-^ 
{uEM2 (n) -M4 (n) tC^^^ns^^S^v X 
Y;^7^-i^2 2^^i!j-rsci:icJ;t}-^-^M5 (n) 
C3fi@^bfe^®Cv-^M2* (n) ~M4' (n) i: 
UT^^fef So cnti. mjjiE0J:dt^s thiH^^^^^ 

>fcstgw®7^^y v^A(Dmm^^^^t?>rzibX'&^o 
[0 0 3 0] zzx^ i^mmmmi 5 it. mv-^k 

2^K40m^lzmhX. fB11^®2 3lCl311bT^S 

mm^\^xMm::^^~i^^^mt^ztizi^omytmu 
W£D#t?ib^*^^^>-fe;i/^ns<t3czx7^->'2 1 

^Z;^fR]J;:|gS&-rSo ::fflZ;^7^-i^2 l^^uS^JEC 
cfcl). ^^g;?;5^-i^cD^»}^l4tc^srsiil^M^. :a 
ir^^g7};;i/^2 ^(Dy^v h^y^^zm^-t^m^w^^^ 

[ u 0 3 1 J i/3 h^^s (n) omittmrt^ 

i5?tc>>3^v V^i^S (n+1) (Dm^^Zl^^o COD 

i:^^ i^J^a^^g 1 5 AFm2 ^^mthm^F siz 
mmui 6^zm^Lxz7.^-i^z i^igsj-rschc 

cttl. ^^^tgW©Z;^fR]{TIS^^/J^aAZ/c(tmt,$ 
i^-Sc ^CO^. t^B^yhmHS (n) ©^^iiPI^CD^ 
^iT% tfitlffix-X^MOtCffM^nfefFfffiV-^K 1- 
xa^^h^J^S (n+1) (Drp^mmiZ'^-i' 

Ml' (n+1) -MS' in-\-i) tvxmdim^'r 

So 

[0032]^<v3»y (n + 2) (DmitlZ^tz 

oTii. =E$fjt^^@i 5t^. nuAF^z bo^mm^ 

FSizx ti^^^S^gw® z:^fpi{ixg^^mb^A^?, z:^ 

T^->f$iJ^^^l 6Cfif^bTZX7^-i^2 l^iEi&'TS 

z^itt^^b^^So ^0m. mmizLxmrnm-^y.^M 

OtCffM^tifeMT-^Kl-KS^. 
S (n+2) (D^^m^^-^-^Ul' (n+2) -M 
5' (n+2) ^UT/i^g^fSo 
[0 0 3 3] C a L/T^^^StSW©^i&;^(Rl{ig^ 3 
h^^;:AZro^{b^'^^ct^>S'?)m©i/a b^i^-N 

^tg:rf;;i/y2 4:ipe)Sit^i5^bT]^^M^1-So ^K^t^IJ: 
-:>TJ^^StSWK:?f^^iS;$tv:tfFiffiv-^?Ml * (n) - 
M4' (n) , M5 (n) Cn=l, 2, 3, -0 

^mni'mnmm0mm^^izx^xmm\.. mmm^ 

:;^^M0<OM^-^K l-'K 5<D#^^COV^T. Mm 
V-^?;!)«gtv^-rfCff$J5g^nTV^Sx3 hM^^ 

So ^<D^^. mx^mm-^-'^Kiitzyi^pi^nt^z 

1T-^SV3 'V hM^T-Msfei/^-ric:fe-Qr:fc ti. i¥ 
fffix'-^^K 2fiZ^fp]f5®AsZ 2T-^Sv3 h^^T- 



- 5 - 



1$IB¥ 10-261567 



^Ml' (n) (n) CDfigfi. y'->7{4SM 

1 (n) -M4 (n) ^zm^m^xmmT^o 

[0 0 3 4] tmmm2 siztm^nru^T'-^it. 

;t— UT U^do :>fj;^g (2 

i5\^^m \tummm.2 3\zum^tix\^^^-^\zx 

CO 0 3 5 J 



[01] i^m^xz^^m^ 

[134] tt-^ffi x'^^CDMBSISo 

1, 1 U htg. 2-U>X^. 3, 5, 6-^ 

4, T-^^UVX. Z'"^m\^~. 9-^^ 
10"-W¥®*g^ 12— fe>if-. 13- 
(OCS) . 1 4-[5]^^t^^[p]m CP SD) . 1 
IS. 1 6-Z>^7^-i^igi(;^ (Z-DR 
. 1 7-XYX5^-S^igi!;aJ (XY-DRV) . 1 
Zy^T^-S^SEifj^^-^^, 1 > Ki^itl 

2 1 -2;;^^-^^. 2 2-XY;;^7^-i^. 2 3"'fH 
ft^@. 2 4-St£^;i/^. 2 5-AFI^. 26-^i& 



5- 
V) 
8- 



[114] 



BL-DRV 



'7 PSD 




-PS 



-DRVl 
^16 



23 




- 6 - 



1tPI¥ 10-261567 



[02] [EI3] 




- 7 - 



